In nutritional epidemiological studies investigating the relationship between diet and disease, the collection of high-quality dietary intake data is important. A FFQ is often used in these large-scale studies because it is a cost-effective method for self-reported dietary intake^(^[@ref1]^)^. However, as suggested by biomarker-based validation studies, the 24-h dietary recall (24 hR) method shows less under-reporting of dietary intake than FFQ^(^[@ref2]^--^[@ref4]^)^.

The 24 hR is open-ended and provides detailed information on types of food intake and amounts consumed during the past 24 h. Repeating 24 hR in one individual enables the estimation of usual intake because day-to-day variation can be taken into account^(^[@ref5]^)^. However, the 24 hR administered by telephone or face to face is a relatively expensive method because of the workload and the costs incurred in employing trained dietitians to conduct the interviews and code the foods^(^[@ref6]^)^.

The use of technology is considered an important step forward in the assessment of dietary intake. Web-based 24 hR allow self-administered dietary assessment at a time and a location that are convenient for participants. To fill out a web-based recall, participants only require access to the Internet. As the costs of using the method are also lower because interviews and automated coding of the consumption data are not required, web-based 24 hR are feasible for large-scale dietary studies^(^[@ref1]^)^.

In the last decade, several web-based self-administered 24 hR tools have been developed in different countries to assess dietary intake in adults^(^[@ref7]^)^. Examples are ASA24, myfood24, DietDay, Nutrinet-Santé, Oxford WebQ and IMM^(^[@ref8]^--^[@ref13]^)^. These tools, except Oxford WebQ, are modelled on the multiple-pass method^(^[@ref14]^)^. In this method, participants first fill in a quick list of foods consumed and in a following step describe the type and amount of these foods in more detail.

The Nutrition Questionnaires plus (NQplus) study is a longitudinal observational study performed within the surroundings of Wageningen, the Netherlands. One of the aims of the NQplus study is to develop a national dietary assessment reference database for future development and improvement of dietary assessment methods^(^[@ref15]^)^. In this study, a web-based self-administered 24 hR tool called Compl-eat™ was developed to assess dietary intake of participants with a Dutch food pattern. Compl-eat™ was also modelled on the multiple-pass method.

The objective of the present study was to evaluate the ability of the first version of this self-administered web-based 24 hR Compl-eat™ to assess the intake of foods and nutrients in the NQplus study. We used the interviewer-administered telephone-based 24 hR as the reference method.

Methods {#sec1}
=======

Participants {#sec1-1}
------------

The NQplus study was conducted between May 2011 and June 2015. Participant recruitment was spread over more than 2 years. A total of 2048 men and women aged between 20 and 70 years and able to speak and write Dutch were included^(^[@ref15]^)^. Half of them (*n* 1089) were randomly allocated to the recall group. In the recall group, participants were asked to complete multiple 24 hR. For the present study, we used the intake data of all participants from this recall group who completed three web-based and three telephone-based 24 hR by 1 March 2014. The characteristics of this selection of 514 participants are similar to those of the complete NQplus population. The ethical committee of Wageningen University approved the study. All participants gave written informed consent.

Study design {#sec1-2}
------------

The days for collecting the 24 hR were randomly selected and scheduled across the year. Distribution of the collection days across spring, summer, autumn and winter was 30, 32, 22 and 16 %, respectively, for the web-based 24 hR, and 16, 32, 25 and 27 % for the telephone-based 24 hR. The recall days for both methods were randomly allocated to the participants. Therefore, the sequence in which the web-based and the telephone-based 24 hR were conducted as well as the number of days between the recalls varied per participant. The average number of days between the first and the last recall was 354 d. Scheduling recall days over weekdays and weekend days was not taken into account but appeared to be distributed rather evenly (70 % on weekdays and 30 % on weekend days) for both web-based and telephone-based 24 hR.

We compared the intakes of energy, nutrients and food groups for the three web-based 24 hR with the intakes for the three telephone-based 24 hR.

Methods of dietary assessment {#sec1-3}
-----------------------------

In both the web-based and the telephone-based 24 hR, the multiple-pass approach was used; this is a validated technique to increase the accuracy of recalls^(^[@ref14]^)^. In both recall methods, portion sizes were reported in commonly used household measures, standard portions, weight in g or volume in litres^(^[@ref16]^)^.

### Web-based 24-h recalls {#sec1-3-1}

The default language of the web-based 24 hR module Compl-eat™ is Dutch. NQplus study participants were invited unannounced via an email, sent at 06.00 hours, to report their previous day\'s intake from waking up until waking up the next morning. The questionnaire was accessible until midnight the same day. Before the participants started to report their intake, they could view two instruction videos. The first instruction video (2 min 16 s) explained how the participants should fill in the quick list. The second video (2 min 26 s) showed how to fill in the details (type and amount) of the foods consumed. The Compl-eat™ 24 hR module guided participants to report all foods and drinks consumed during the previous day. The tool allowed participants to select foods and standard recipes commonly used by the Dutch population^(^[@ref17]^)^. It contained a recipe module in which the participants could report their intake of a certain dish by choosing or adapting a standard recipe, or listing all the ingredients in their own recipe and indicating how much of the finished dish they had consumed. Yield and retention factors were automatically taken into account when appropriate. Participants could include notes for clarifications when needed. At the end of the recall, Compl-eat™ reminded the participants to fill in often forgotten foods such as sugar in coffee, snacks, fruit and cooking fat.

Trained dietitians checked all the web-based 24 hR for their completeness and unusual portion sizes and processed all notes made by the participants. The participants were not contacted for clarifications. Adjustments of errors and notes were made in a standardised way, using standard portion sizes and recipes according to a protocol. An example of an error that occurred was a report of 125 cups of coffee instead of one cup of 125 g. Notes contained, for example, a description of a food that the participant could not find on the food list.

### Telephone-based 24-h recalls {#sec1-3-2}

The telephone-based 24 hR in the NQplus study were conducted unannounced by trained dietitians. After a maximum of ten recall attempts at different times and dates, a telephone appointment was made for the interview. This happened in less than 1 % of the telephone-based 24 hR. The recalls were transcribed into food codes and amounts^(^[@ref16]^,^[@ref18]^)^. Regular meetings with all dietitians ensured the quality of the interviews and the food coding. All dietitians coded the same 24 hR, and differences in coding were discussed during these meetings. At least one interview per dietitian was tape recorded with the participant\'s permission and reviewed for quality by a senior research dietitian.

### Computation of the intake data {#sec1-3-3}

The data from both the self-administered web-based and the interviewer-administered telephone-based 24 hR in the NQplus study were entered and calculated in the Compl-eat™ computation module. This module consists of a data-entry part for researchers and a food calculation system and is able to generate output for different purposes.

Foods were aggregated into food groups according to the Dutch food composition database.

In addition, total energy and nutrient intakes from both the web-based and the telephone-based 24 hR were calculated in Compl-eat™ by multiplying intakes by nutrient composition using the same Dutch food composition database (NEVO-database, 2011)^(^[@ref18]^)^.

For both the web-based and the telephone-based 24 hR, a data check was performed to identify outliers. Recalls with the highest and the lowest energy and nutrient intakes were identified to evaluate whether the reported foods and amounts were within normal ranges of intake. Recalls with intakes outside the normal ranges were examined in detail to find implausible amounts of a certain food (e.g. 150 ml of syrup instead of 150 ml of lemonade made with syrup and water). During this check, additional information on dietary regimens and special occasions such as birthdays or holidays was taken into consideration. About 0·5 % of the web-based 24 hR were considered incomplete, for example if the participants had stopped filling in the recall or because of a low reported intake due to illness on the recall day. These incomplete web-based recalls were removed from the analysis. For the telephone-based 24 hR, no incomplete recalls occurred. The interview was postponed if the participant had been ill the previous day, and no participant terminated the recall before the interview was finished.

Demographic and anthropometric variables {#sec1-4}
----------------------------------------

Information on education level (low: primary school, vocational or lower general secondary education; moderate: higher secondary education or intermediate vocational training; high: higher vocational education or university), smoking habits (never, current, former) and medical history was collected using self-administered questionnaires. Furthermore, participants came to the study centre to be measured for height and weight. Trained research assistants performed all measurements. Height was measured to the nearest 0·1 cm without shoes using a stadiometer (SECA). Body weight was measured without shoes and sweaters and with empty pockets to the nearest 0·1 kg on a digital scale (SECA). BMI (kg/m^2^) was calculated and three categories were defined: BMI \<25 kg/m^2^ (normal weight), BMI 25--30 kg/m^2^ (overweight) and BMI ≥30 kg/m^2^ (obese).

Statistical analysis {#sec1-5}
--------------------

Mean crude and energy-adjusted dietary intakes and standard deviations were calculated for the average of the three web-based and the three telephone-based 24 hR; the residual method was used to estimate energy-adjusted intakes^(^[@ref19]^)^.

To evaluate the self-administered web-based against the interviewer-administered telephone-based 24 hR, several analyses were carried out. First, absolute differences in mean dietary intake between the web-based and telephone-based 24 hR were tested by paired *t* tests. Second, the agreement between the two recall methods was visualised by plotting the difference against the mean of the two methods in Bland--Altman plots^(^[@ref20]^)^. Third, using Lin\'s concordance correlation coefficients (LCC), the agreement between the results of the two methods was evaluated by measuring the variation from the 45° line through the origin for energy and nutrient intake as well as for intake in absolute amounts of food groups^(^[@ref21]^)^. The associations determined with LCC were judged as fair if the correlation coefficients were 0·4--0·7 and good if they were at least 0·7^(^[@ref13]^,^[@ref19]^)^. Mean LCC for macronutrients, micronutrients and food groups were calculated by averaging LCC for eighteen macronutrients, thirteen micronutrients and twenty-two food groups, respectively^(^[@ref22]^)^. Fourth, the between-subject variability and the within-subject variability in dietary intake were estimated for each recall method, and intra-class correlations (ICC), including 95 % CI, were calculated. Fifth, regression analysis was used to determine the relationships of sex, age, BMI category, occurrence of chronic diseases and education level to the difference in energy intake (EI) between the web-based and the telephone-based 24 hR.

To further evaluate under-reporting for each participant, the EI:BMR ratio and a cut-off value for EI:BMR ratio were calculated. For this, we took into account the physical activity level (PAL, expressed as multiples of BMR), the between-subject variation in PAL and the within-subject variation in EI. We assumed a within-subject variation in estimated BMR of 8·5 %^(^[@ref23]^)^. Henry\'s^(^[@ref24]^)^ standard equation was used to predict the participants' BMR. A mean EI:BMR ratio of a (sub)population below the cut-off value was interpreted as under-reporting of EI.

All analyses were carried out using IBM SPSS Statistics, version 21 (IBM Corporation).

Results {#sec2}
=======

The average age of participants was 54 ([sd]{.smallcaps} 11) years and ranged from 21 to 72 years. Almost half of them were men, and half of the participants were overweight or obese. Two-thirds of the participants had a high education level ([Table 1](#tab01){ref-type="table"}). Table 1.Characteristics of Nutrition Questionnaires plus (NQplus) study participants providing recall data(Numbers of participants and percentages; mean values and standard deviations)Participants with three web-based and three telephone-based 24-h recallsAllMenWomen*n*%*n*%*n*%Participants5141002384627654Age (years) (*n* 514) Mean545851 [sd]{.smallcaps}111012BMI (kg/m^2^) (*n* 513) Mean25·826·425·2 [sd]{.smallcaps}4·03·54·3 \<25 kg/m^2^24448863615857 25--30 kg/m^2^19939116498430 ≥30 kg/m^2^701435153513Estimated BMR (MJ/d) (*n* 513) Mean6·47·25·7 [sd]{.smallcaps}1·00·80·6PAL (multiple of BMR) (*n* 513) Mean1·641·621·66 [sd]{.smallcaps}0·190·190·19Cigarette smoking (*n* 464) Never23250853914760 Former19342108508534 Current3982411156Presence of chronic diseases (*n* 508) Cancer26594176 Diabetes mellitus18411573 Heart attack13310431Education level (*n* 511) Low235136104 Intermediate1402758248230 High348681677018166[^1]

Comparison of the assessment of energy and nutrients between methods {#sec2-1}
--------------------------------------------------------------------

The EI estimated with the web-based 24 hR was on average 8·2 % lower than that assessed by the telephone-based recalls ([Table 2](#tab02){ref-type="table"}). The Bland--Altman plot, presenting the average EI according to the web-based and the telephone-based recall plotted against the difference of the two methods for total EI ([Fig. 1](#fig01){ref-type="fig"}), showed 95 % limits of agreement of −4·2 and 2·8 MJ. The difference in mean EI increased slightly with increasing mean EI in both methods (slope 0·107; *P* = 0·014). Fig. 1.Bland--Altman plot of total energy intake estimated with the self-administered web-based and interviewer-administered telephone-based 24-h dietary recalls. Table 2.Differences in total energy and nutrient intakes and Lin\'s concordance correlation coefficients (LCC) between the self-administered web-based 24-h dietary recall and the interviewer-administered telephone-based 24-h dietary recalls (*n* 514)(Mean values and standard deviations, proportional differences and LCC)Web-based 24-h recalls[\*](#tfn2_1){ref-type="table-fn"}Telephone-based 24-h recalls[\*](#tfn2_1){ref-type="table-fn"}Difference between both recall methods[\*](#tfn2_1){ref-type="table-fn"}LCC[\*](#tfn2_1){ref-type="table-fn"}Mean[sd]{.smallcaps}Mean[sd]{.smallcaps}Mean[sd]{.smallcaps}%[†](#tfn2_2){ref-type="table-fn"}*P*Energy kcal19115072081465−171430−8·20\<0·00010·57 kJ8014212287281947−7141795−8·18\<0·00010·58Macronutrients Total protein (g)74·811·882·213·3−7·4613·6−9·07\<0·00010·35 Vegetable protein (g)32·16·9533·86·89−1·646·58−4·86\<0·00010·53 Animal protein (g)42·813·748·414·9−5·6915·2−11·7\<0·00010·41 Total fat (g)70·311·779·411·7−9·1612·5−11·5\<0·00010·33 SFA (g)27·06·1029·35·88−2·296·01−7·83\<0·00010·46 MUFA (g)23·85·7927·25·73−3·386·38−12·4\<0·00010·33 PUFA (g)12·93·8715·84·25−2·894·71−18·3\<0·00010·26 Linoleic acid (g)10·53·3712·83·77−2·354·13−18·3\<0·00010·27 *Trans*-fatty acids (g)1·360·731·300·630·070·855·300·070·22 α-Linolenic acid (g)1·360·481·750·56−0·390·62−22·4\<0·00010·23 EPA (g)0·100·210·120·19−0·020·23−17·20·050·30 DHA (g)0·130·330·170·30−0·040·38−22·30·020·26 Cholesterol (g)20310221295·6−9·29115−4·370·070·32 Total carbohydrates (g)21032·222333·7−13·530·5−6·05\<0·00010·53 Mono- and disaccharides (g)86·925·610027·3−13·124·9−13·1\<0·00010·50 Polysaccharides (g)12324·812322·6−0·4223·3−0·340·680·52 Dietary fibre (g)21·65·6823·25·83−1·595·14−6·85\<0·00010·58 Alcohol (g)12·614·712·713·5−0·0510·9−0·390·920·70Micronutrients Ca (mg)9262661048286−122258−11·6\<0·00010·52 K (mg)31315793407570−275575−8·08\<0·00010·45 β-Carotene (μg)2263270323282484−65·63100−2·820·630·29 Vitamin B~1~ (mg)0·980·360·990·28−0·010·42−1·150·540·15 Vitamin B~2~ (mg)1·370·371·490·40−0·130·40−8·51\<0·00010·45 Vitamin B~6~ (mg)1·560·541·730·54−0·170·58−9·71\<0·00010·40 Vitamin B~12~ (μg)4·253·005·073·64−0·823·94−16·1\<0·00010·30 Vitamin D (μg)3·081·863·361·88−0·282·27−8·380·010·26 Vitamin E (mg)11·04·2013·14·18−2·014·88−15·4\<0·00010·29 Vitamin C (mg)89·549·898·349·2−8·7654·3−8·910·000·39 Lycopene (μg)1342210621653317−8233429−38·0\<0·00010·23 Retinol activity equivalents (μg)730617800595−70·4809−8·790·050·11 Folic acid equivalents (μg)25486·029897·2−44·797·4−15·0\<0·00010·39[^2][^3]

For all nutrients, except for *trans*-fatty acids, the web-based 24 hR estimated lower intakes than the telephone-based recall, and most differences were statistically significant ([Table 2](#tab02){ref-type="table"}). The average difference in macronutrients was −10 % and varied from −22·4 % for α-linolenic acid to −0·34 % for polysaccharides. For micronutrients, the average difference was −12 % and varied from −38 % for lycopene to −1·15 % for vitamin B~1~.

To investigate how well participants were ranked according to their intake, LCC was calculated between the self-administered web-based and the interviewer-administered telephone-based 24 hR, and was 0·58 (95 % CI 0·52, 0·63) for EI ([Table 2](#tab02){ref-type="table"}). For the nutrients it was lower: on average 0·39 and 0·46 for the macronutrients, and 0·33 and 0·36 for the micronutrients based on energy-adjusted and not energy-adjusted values, respectively. For macronutrients, the energy-adjusted LCC ranged from 0·22 for *trans*-fatty acids intake to 0·70 for alcohol intake; for micronutrients, energy-adjusted LCC ranged from 0·11 for retinol activity equivalent intake to 0·52 for Ca intake.

ICC provide information on within-person variation within a recall method. In the 3-d web-based 24 hR, the ICC for energy was 0·41. For macronutrients, the ICC ranged from 0·05 for EPA and DHA intake to 0·57 for alcohol intake, and for micronutrients from 0·07 for β-carotene to 0·39 for K intake. For the telephone-based 24 hR, rather similar ICC to those of the web-based recalls were found ([Table 3](#tab03){ref-type="table"}). Table 3.Intra-class correlations (ICC) of nutrient intakes for the three self-administered web-based and the three interviewer-administered telephone-based 24-h dietary recalls (*n* 514)(Correlations and 95 % confidence intervals)Web-based 24-h recallsTelephone-based 24-h recallsICC[\*](#tfn3_1){ref-type="table-fn"}95 % CIICC[\*](#tfn3_1){ref-type="table-fn"}95 % CIEnergy kcal0·410·35, 0·460·400·34, 0·45 kJ0·410·36, 0·460·400·34, 0·45Macronutrients (g) Total protein0·320·26, 0·380·310·26, 0·37 Vegetable protein0·410·36, 0·460·440·39, 0·49 Animal protein0·240·19, 0·300·260·20, 0·32 Total fat0·290·24, 0·350·260·21, 0·32 SFA0·320·27, 0·380·260·20, 0·32 MUFA0·250·20, 0·310·220·16, 0·28 PUFA0·220·16, 0·280·240·18, 0·30 Linoleic acid0·210·15, 0·260·220·17, 0·28 *Trans*-fatty acids0·150·10, 0·210·070·02, 0·13 α-Linolenic acid0·200·15, 0·260·230·17, 0·29 EPA0·050·00, 0·100·050·00, 0·10 DHA0·050·00, 0·100·04−0·010·09 Cholesterol0·160·11, 0·220·110·06, 0·17 Total carbohydrates0·420·36, 0·470·470·42, 0·52 Mono- and disaccharides0·400·35, 0·450·440·39, 0·49 Polysaccharides0·360·31, 0·420·430·37, 0·48 Dietary fibre0·390·34, 0·450·480·43, 0·53 Alcohol0·570·52, 0·610·520·47, 0·57Micronutrients Ca (mg)0·370·31, 0·420·370·31, 0·42 K (mg)0·390·33, 0·440·390·34, 0·45 β-Carotene (μg)0·070·02, 0·130·140·09, 0·20 Vitamin B~1~ (mg)0·160·10, 0·210·130·08, 0·18 Vitamin B~2~ (mg)0·370·31, 0·420·340·28, 0·39 Vitamin B~6~ (mg)0·330·28, 0·390·300·25, 0·36 Vitamin B~12~ (μg)0·110·05, 0·160·090·04, 0·15 Vitamin D (μg)0·120·07, 0·180·160·10, 0·21 Vitamin E (mg)0·240·18, 0·290·200·14, 0·26 Vitamin C (mg)0·240·19, 0·300·230·18, 0·29 Lycopene (μg)0·100·05, 0·160·070·02, 0·12 Retinol activity equivalents (μg)0·110·06, 0·170·060·01, 0·11 Folic acid equivalents (μg)0·380·33, 0·430·410·35, 0·46[^4]

The average EI:BMR ratio for the web-based 24 hR (1·26) was lower than the same ratio for the telephone-based recalls (1·37). Both ratios were substantially below the estimated cut-off value of 1·62 for the participants in the present study. The average EI:BMR ratios were similar for participants with a low or intermediate education level and higher for those with a high education level: the ratios were 1·17, 1·18 and 1·30, respectively, for the web-based recalls and 1·35, 1·33 and 1·39, respectively, for the telephone-based recalls. The differences in EI between the web- and the telephone-based 24 hR were −15·0, −11·2 and −6·6 % for participants with a low (*n* 23), intermediate (*n* 140) and high (*n* 348) education level, respectively. For both methods, EI:BMR ratios decreased significantly (*P*\<0·0001) with increasing BMI. For the BMI categories of BMI \<25, 25--30 and ≥30 kg/m^2^, the EI:BMR ratios for the web-based 24-h recalls were 1·38, 1·18 and 1·04, respectively, and for the telephone-based recalls 1·50, 1·29 and 1·15, respectively. The differences in EI between the web- and telephone-based 24 hR were −7·9, −8·3 and −8·8 % for participants with BMI \<25 kg/m^2^ (*n* 244), 25--30 kg/m^2^ (*n* 199) and ≥30 kg/m^2^ (*n* 70), respectively. Between males and females no significant differences were seen between the recall methods except for cholesterol intake (males 0·9, females −8·8 %; *P* = 0·04). Sex, age, BMI category and occurrence of chronic diseases did not contribute significantly to the variance in difference in EI between the methods. However, for education level, we found a significant contribution (*R*^2^ 0·013; *P* = 0·009).

Comparison of the assessment of food intake between methods {#sec2-2}
-----------------------------------------------------------

The average number of reported foods per recall was lower in the web-based 24 hR (twenty foods, range 8--32) than in the telephone-based 24 hR (twenty-three foods, range 11--46 foods).

The food group fats, oils and savoury sauces contributed most (16·4 %) to the differences in EI between the web-based and the telephone-based recalls. This percentage corresponds with a difference in daily consumption of −0·1 MJ ([Table 4](#tab04){ref-type="table"}) or −10 g ([Table 5](#tab05){ref-type="table"}). Large contributions to the difference in reported EI were also seen for the following food groups: sugar and confectionery (12·9 %), milk and milk products (11·1 %) and cheese (10·5 %). No notable contributions to the difference in EI (less than 1 % difference) were found for the following food groups: pastry, cake and biscuits; potatoes; composite dishes; eggs; legumes; and alcoholic beverages ([Table 4](#tab04){ref-type="table"}). The largest absolute difference in amount eaten between both methods was found in the food group coffee, tea and water ([Table 5](#tab05){ref-type="table"}). Table 4.Difference in energy intake (kJ) of different food groups and Lin\'s concordance correlations (LCC) between the self-administered web-based and the interviewer-administered telephone-based 24-h dietary recalls (*n* 514)(Mean values and standard deviations, proportional differences and LCC)Web-based 24-h recallsTelephone-based 24-h recallsDifference between both recall methodsLCCMean[sd]{.smallcaps}Mean[sd]{.smallcaps}Mean[sd]{.smallcaps}%[\*](#tfn4_1){ref-type="table-fn"}*P*Alcoholic beverages46558346252134440·40·880·68Bread14936691518665−25513−3·50·270·70Cereal products and binding agents433573471476−38576−5·30·140·40Cheese435336509358−74371−10·4\<0·00010·42Coffee, tea and water211473157−52155−7·3\<0·00010·02Composite dishes2534882544460662−0·01·000·00Eggs8712888129−1144−0·10·890·38Fats, oils and savoury sauces530361647351−118424−16·5\<0·00010·28Fish134248177278−43327−6·00·000·23Fruit419356461340−43321−6·00·000·57Fruit/vegetable juices, soft drinks200259237278−36250−5·10·000·56Legumes351053010351270·70·350·25Meat, meat products and poultry661515725488−64576−8·90·010·34Milk and milk products698436779465−81404−11·3\<0·00010·59Nuts, seeds and snacks429520462542−32554−4·50·190·46Pastry, cake and biscuits612530616501−4589−0·60·860·35Potatoes3093333093220418−0·00·990·19Savoury sandwich fillings751686715081531·10·250·54Soups8914277138111761·60·140·21Soya and vegetarian products5715165160−7142−1·00·250·58Sugar and confectionery390365482420−92409−12·9\<0·00010·45Vegetables162119189125−26137−3·7\<0·00010·36[^5] Table 5.Difference in amount eaten (g/d) of different food groups between the self-administered web-based and the interviewer-administered telephone-based 24-h dietary recalls (*n* 514)(Mean values and standard deviations, proportional differences and Lin\'s concordance correlation coefficients (LCC))Web-based 24-h recallsTelephone-based 24-h recallsDifference between both recall methodsMean[sd]{.smallcaps}Mean[sd]{.smallcaps}Mean[sd]{.smallcaps}%[\*](#tfn5_1){ref-type="table-fn"}*P*LCCAlcoholic beverages16623316321031831·70·730·66Bread1396313962046−0·20·890·73Cereal products and binding agents53635859−472−7·40·180·29Cheese30233625−625−15·3\<0·00010·42Coffee, tea and water12055301439587−234363−16·3\<0·00010·73Composite dishes397339641971·50·89−0·01Eggs152114191236·80·350·37Fats, oils and savoury sauces29213922−1027−26·0\<0·00010·20Fish20352539−546−21·70·010·24Fruit156131168116−12118−6·90·030·54Fruit/vegetable juices, soft drinks127160152182−25133−16·6\<0·00010·69Legumes72162112613·00·490·23Meat, meat products and poultry80598151−162−1·10·750·37Milk and milk products277179305185−28136−9·1\<0·00010·71Nuts, seeds and snacks22272327−130−5·00·380·36Pastry, cake and biscuits40354034041−0·30·950·29Potatoes63596760−476−5·70·250·20Savoury sandwich fillings37361718·30·080·51Soups65895375129323·2\<0·010·35Soya and vegetarian products15511757−231−12·30·130·84Sugar and confectionery23202924−723−23·1\<0·00010·44Vegetables14395161100−18104−11·1\<0·0010·42[^6]

The LCC for the contribution to EI and for the amount consumed by the food group composite dishes between the two recall methods was lower than that for the other food groups ([Tables 4](#tab04){ref-type="table"} and [5](#tab05){ref-type="table"}). The largest LCC was found for the food group bread (*r* 0·70) with respect to contribution to EI, and for the food group soya foods and meat substitutes with respect to the amount consumed (*r* 0·84). The average LCC between the methods was 0·39 for the contribution to energy ([Table 4](#tab04){ref-type="table"}) and 0·44 for the amount consumed ([Table 5](#tab05){ref-type="table"}).

The largest day-to-day variation was found for the following food groups: potatoes; composite dishes; and fish. For these food groups, the ICC were lowest in both recall methods for energy (Supplementary Table S1) and for amount eaten in weight (g) (Supplementary Table S2).

Discussion {#sec3}
==========

In this study, we evaluated the performance of the self-administered web-based 24 hR method of the first version of the Dutch tool Compl-eat™ against the interviewer-administered telephone-based 24 hR method. We compared the intakes of energy, nutrients and foods, on the assumption that the average of three independent recall days represents usual intake. A lower number of foods were reported in the web-based 24 hR.

Overall, we found lower intakes of about 10 % estimated by the web-based 24 hR compared with the telephone-based 24 hR. The associations determined with LCC between the web-based and the telephone-based 24 hR were reasonably good for alcohol, and fair for energy, most of the macronutrients and some of the micronutrients. The ICC as an estimate of day-to-day variation were similar for the two modes of administration. The lower intakes in the web-based recalls can be explained by a lower number of total reported foods and lower estimates of intake of specific food groups, especially of the food group fats, oils and savoury sauces, followed by sugar and confectionery, cheese, and milk and milk products. From previous research, we know that many participants find it difficult to report the intake of foods from these food groups accurately. Thus, the lack of help from a dietitian may also have contributed to the lower intakes in the web-based 24 hR.

The self-administered web-based 24 hR is a relatively new method, but several tools based on this method have already been evaluated against interviewer-based 24 hR^(^[@ref7]^)^.

Most of the evaluation studies showed better agreement between the intake assessed by the web-based tool and the interviewer-based 24 hR than our study did. However, this may be partly explained by differences in study design, especially the time-frame for scheduling the dietary assessment methods, and also the selected reference method. Thompson *et al*.^(^[@ref25]^)^ found on average a small difference of 2 % in EI between an interview-based 24 hR and their web-based ASA24 method. Per participant, both 24 hR methods were conducted in random order with only 5 to 7 weeks between both recalls. Touvier *et al*. compared one NutriNet-Santé web-based self-administered 24-h record with one 24 hR carried out by a dietitian the next day, both covering the same recall day. The Pearson\'s correlations for energy were 0·86 for men and 0·85 for women^(^[@ref12]^)^. In Liu *et al*.'s^(^[@ref10]^)^ study, the web-based Oxford web-Q was directly followed by the interview. They found a difference of 0·1 % for energy, and the Spearman\'s correlation for energy was 0·58. Finally, Zoellner *et al*.^(^[@ref13]^)^ found a correlation of 0·74 for energy between their interactive multimedia dietary assessment tool (IMM) and an interviewer-administered recall. Both the IMM and the interview recall were conducted in random order on the same day. In our study, both the three web-based and the three telephone-based 24 hR were randomly conducted over a long period of time (on average 11 months, range 3--28 months, between the first and the last recall) in order to take seasonal variation into account and evaluate usual intake. This information is important for epidemiological studies. Thus, different types of evaluation studies that provide information about the relative performance of the methods used can be distinguished. One type concerns a short time-frame in which actual dietary intake data are evaluated using two different methods. This type of evaluation is used by Touvier *et al*.^(^[@ref1][@ref2]^)^, Liu *et al*.^(^[@ref10]^)^ and Zoellner *et al.*^(^[@ref13]^)^. As these studies did not use independent recall days, or even used the same day for both methods, good agreements between the methods could be expected. Another type of study concerns a long time-frame in which the usual dietary intake is evaluated, assessed by two different methods. This type of evaluation was performed by Thompson *et al*.^(^[@ref25]^)^ and also by our study. However, the number of recalls and the time-frame in Thompson *et al*.'s study were smaller (two recalls in 5 to 7 weeks) than in our study (six recalls in 1 year). Our study may therefore better reflect an evaluation of usual intake.

The evaluation studies described above, including our own study, used a self-report method as the reference method. Another approach is to use a biomarker as reference. This was done by Arab *et al*.^(^[@ref26]^)^, who evaluated their web-based DietDay 24 hR tool against doubly-labelled water (DLW). Six DietDay 24 hR were collected within 2 weeks: three of the 24 hR were collected during a study visit, the other three at home. In this 2-week period, the DLW measurement was also performed. Compared with DLW, the DietDay tool underestimated EI on average by about 10 %, and the Pearson correlation for EI was somewhat smaller than the LCC in our study (0·44 as compared with 0·58 in our study). However, our correlation coefficients may be somewhat inflated because of errors that are similarly present in both the self-administered web-based and the interviewer-administered telephone-based recall method. These correlated errors may have occurred and incorrectly improved the agreement between the methods because both methods depend on the participants' memory and use the same food composition database and the same database of household measures and standard portion sizes.

Nevertheless, we chose to compare the performance of the web-based recall with that of a telephone-based recall because, in future, we would like to use self-administered web-based 24 hR instead of interviewer-administered telephone-based 24 hR.

Ideally, dietary intakes assessed by our web-based tool should be compared with an objective measure of intake such as a recovery biomarker. Wardenaar *et al*.^(^[@ref27]^)^ evaluated protein intake assessed by Compl-eat™ against N excretion in urine, but in a very specific population of athletes.

Differences between the two 24 hR in our study may be diminished by improving the food list in the web-based tool. The food list consists of the foods in the Dutch food composition table, synonyms, and added foods and recipes derived from participants' self-reports in previous research. As there are many more foods available on the market than present in our tool, the participants may have had difficulty finding the actual food consumed. Although the web-based recall has the option of adding notes in which the participant can provide information about the actual foods consumed, some participants may not have reported such foods. This hypothesis is supported by the smaller number of reported foods when the web-based tool was used. Including more foods on the food list may help to solve this problem. However, a longer list of foods may confuse users or make it even more difficult to find the correct food -- a problem that was also found in the development of the UK online tool myfood24^(^[@ref9]^)^.

Another problem may have been the estimation of portion sizes. In some other web-based tools, pictures or interactive images are used to help the participants to quantify the amount eaten of a food^(^[@ref8]^,^[@ref9]^,^[@ref11]^--^[@ref13]^)^. Compl-eat™ does not contain images; rather, it contains different serving units and portion sizes per food, for instance glasses of different volumes. Also, the descriptions of the serving units may not have been clear enough for the participants. They may have selected for instance the first serving size on the list, whereas a dietitian would have obtained a more accurate estimate by asking additional questions. Moreover, showing all serving sizes of a food at the same time may be better than the pull-down menu used in Compl-eat™^(^[@ref28]^)^.

With respect to response errors, it is questionable whether these errors were similar for the two methods. Errors in reporting the correct type and/or amount of food may be greater in the web-based 24 hR than in the telephone-based 24 hR, as there was no dietitian to help. Respondents may have reported different foods than actually consumed. We found that respondents using the self-administered tool reported fewer foods, so we can hypothesise that errors could occur due to omitted foods and/or beverages. Response errors may also include socially desirable answering, but its influence may be limited as there was no interviewer to please, although some level of social desirability may still exist simply as a consequence of being monitored. Also, under-reporting due to socially desirable answering can be expected more in BMI categories \>25 kg/m^2(^[@ref29]^)^. However, we found very small differences in EI when we compared the methods between normal-weight people, overweight people and obese people (7·9, 8·3 and 8·8 %, respectively). To reduce response errors in the tool, we included recall cues at the end of the 24 hR. However, this may not have been sufficient.

Participants with low reading and computer literacy may encounter problems filling in the self-administered 24 hR. Participants with a low or intermediate education level indeed had a larger difference in EI (on average 11·7 %) between the two methods than those with a high education level had (6·6 %).

On the basis of this evaluation, some improvements have already been made to the first version of our tool. It has been made easier to select frequently used foods. For instance, the first time that spread on bread is reported, participants have to enter the type of spread and the amount. At the next consumption time, they can indicate that it is the same type and amount as previously mentioned. This may encourage participants to report every serving consumed. We have also added more recall cues for reporting specific foods, such as fats used for food preparation. In the first version of the tool, recall cues were shown only at the end of the 24 hR; now they are included after each eating occasion in order to better mimic interviewer probes.

Future improvements will include the extension of the food list with more foods, synonyms and recipes. At the same time, the structure of the search lists needs attention in order to maintain easy searching. Finally, we are working on a more simplified version of the tool to increase the user-friendliness for specific populations such as the elderly and people with a low education level. Examples of adaptations to the tool include making it possible to enlarge the font size for better readability, marking the search input (bold font) in the search list, or disabling the recipe module and adding more standard recipes to the food list. Whether all these changes will lead to a better version of Compl-eat™ has to be confirmed in a new validation study, preferably by comparison with recovery markers.

Both participant and researcher burden should be taken into account in the choice of the recall method. Regarding the time aspect, the participant will need about 10 or 15 min more to complete a web-based 24 hR than a telephone-based recall, whereas the researcher will save more than 1 h per recall when using the web-based recall. The first version of Compl-eat™ did not provide information of the time needed for a participant to complete a web-based 24 hR. Ongoing studies using the new version of Compl-eat™ show an average completion time of 40--45 min (range 24--59 min), whereas the telephone-based 24 hR took only 20--30 min for participants. It must be noted, however, that the completion time of the web-based recall captured total login time, and not only the time for filling in the questionnaire and viewing the two instruction videos (4 min 42 s for both videos). However, participants could have skipped the instruction videos, or could have watched them several times. For the researchers, checking the web-based 24 hR and processing the notes took them about 5--10 min per recall, whereas a telephone 24 hR took on average 1·5 h for the interview and coding. Although the time burden is higher for the participants, a web-based recall has the advantage that participants can fill in the recall at a time of their own choosing. Contacting participants for clarifications or to help them complete the recall might improve the quality of the data but will increase the time burden for participants as well as for researchers. In the NQplus study, it was decided not to contact the participants because we think that this is not feasible in large-scale studies.

Thus, in large-scale nutritional epidemiological studies, applying the self-administered 24 hR tool is more feasible than applying an interviewer-administered 24 hR because, with the same staff time, more participants can be included and/or more recalls per participant can be collected. Therefore, the self-administered 24 hR tool allows a better statistical power provided that the validity of the web-based 24 hR is similar to that of a telephone-based 24 hR. Therefore, we conclude that Compl-eat™, a Dutch web-based self-administered 24-h dietary recall, may be a useful tool for large-scale studies after the suggested improvements have been implemented and evaluated.
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[^1]: PAL, physical activity level.

[^2]: Intakes of nutrients and LCC are based on energy-adjusted values; energy-adjusted intakes were calculated using the residual method.

[^3]: Proportional difference is calculated as ((mean of web-based 24 h dietary recall) -- (mean of telephone-based 24 h dietary recall))/(mean of telephone-based 24 h dietary recall) × 100.

[^4]: ICC values are based on energy-adjusted values; energy-adjusted intakes were calculated using the residual method.

[^5]: Proportional difference is calculated as ((mean of web-based 24 h recall) -- (mean of telephone-based 24 h recall))/(mean difference in kJ) × 100. The mean difference between the methods is −714 kJ ([Table 2](#tab02){ref-type="table"}).

[^6]: Proportional difference is calculated as ((mean of web-based 24 h recall) -- (mean of telephone-based 24 h recall))/(mean of telephone-based 24 h recall) × 100.
